* ■ 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
31 July 2003 (31.07.2003) 




PCT 



(10) International Publication Number 

WO 03/063380 A2 



(51) International Patent Classification 7 : H04B 3/00 

(21) International Application Number: PCT/JP03/00556 

(22) International Filing Date: 22 January 2003 (22.01.2003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

2002-015058 
2002-061454 



24 January 2002 (24.01 .2002) JP 
7 March 2002 (07.03.2002) JP 



(71) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. [JP/JP]; 1006, Oaza Kadoma, Kadoma-shi, Os- 
aka 571-0050 (JP). 

(72) Inventors: KODAMA, Nobutaka; 6-13-27-B204, 
Arita, Sawara-ku, Fukuoka-shi, Fukuoka 814-0033 (JP). 
KOGA, Hisao; 1-30-2-303, Matsunoki, Nakagawamachi, 
Chikushi-gun, Fukuoka 81 1-1251 (JP). GONDO, Takao; 
1-12-3-506, Futsukaichinishi, Chikushino-shi, Fukuoka 
818-0071 (JP). 



(74) Agents: OGURI, Shohei el a).; Eikoh Patent Office, ARK 
Mori Building, 28th Floor, 12-32, Akasaka 1-chome, Mi- 
nato-ku, Tokyo 107-6028 (JP). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GO, GE, GH, 
GM, HR, HU, ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, SE, 
SG, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC, 
VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, 
SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

[Continued on next page ] 



(54) Title: POWER-LINE CARRIER COMMUNICATION APPARATUS 



-100 



TRANS- 
MISSION 
DATA 



< 
00 

m 
m 
\o 

O 



RECEP- 
TION 
DATA 



110: POWER LINE 



XI 



SIGNAL 
MAPPING 



XI 



WAVELET 
INVERSE 
TRANSFORMING 
DEVICE 



£1 



D/A 
CONVERTER 



POWER-UNE CARRIER 
COMMUNICATION APPARATUS 

" YosCf TR^MJSSION UNIT* • 
— ^ — . {--101 



TRANSMITTING 
AMPLIFIER 



BAND-PASS 
FILTER 



: TRANSMISSION 

; signal 



CONTROL UNIT 



SYMBOL 
JUDGING 
DEVICE 



ll16 



WAVELET 
TRANSFORMING 
DEVICE 



MD 

CONVERTER 



RECEPTION UNIT ; 



AMPUFI- 
CATION 
CONTROLLER 



BAND-PASS 
FILTER 



POWER- 
UNE 
COUPLING 
CIRCUIT 



: RECEPTION 
\ SIGNAL 



^112 



(57) Abstract: The invention provides a power-line carrier communication apparatus including a transmission unit with a signal 
point mapping device for mapping a plurality of bit streams produced from transmission data, a wavelet inverse transforming de- 
vice for modulating the respective sub-carriers by wavelet waveforms which are orthogonal to each other for producing temporal 
waveform series data, and a D/A converter for converting the temporal waveform series data into an analog temporal waveform 
series signal; and a reception unit with an A/D converter for obtaining samphngseries waveform data from a power-line commu- 
nication signal, a wavelet transforming device for wavelet-transforming the sampling-series waveform data into signal point data 
of the respective sub-carriers, and a symbol judging device forjudging bit streams mapped by the signal point mapping device by 
inverse-mapping a plurality of these signal point data, and for synthesizing the judged bit streams with each other as a reception data 
scries. 
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DESCRIPTION 

POWER-LINE CARRIER COMMUNICATION APPARATUS 

<Technical Field> 

The present invention is related to a power-line 
carrier communication apparatus for performing a data 
transmission by using a power line. 

<Background Art> 

Power- line carrier communication apparatus own a 
major feature such that in-home communication networks can be 
immediately established by utilizing as network transmission 
paths, power lines which have already been installed in the 
respective homes. However, since these power-line carrier 
communication apparatus transmit/receive signals by employing 
such power lines having deteriorated balancing degrees as 
communication media, high electric power is leaked from these 
power lines. Also, in frequency bands required for highspeed 
power-line carrier communications, amateur radio 

communications and shortwave broadcasting programs have 
already utilized these frequency bands. As a result, there 
is a problem of interference caused by these power-line 
carrier communication apparatus with respect to these 
existing communication systems. With respect to restriction 
aspects ruled by radio laws and radio communication laws 
regulated in respective countries, various types/sorts of 
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legal restrictions are given as to such items as usable 
frequency bands (ranges) and allowable electric field 
strengths. Accordingly, a certain limitation is necessarily 
required for frequency bands which are utilized for power- 
line carrier communications in the light of these laws. 
Also, since various types/sorts of electric appliances are 
connected to general-purpose power lines which constitute 
communication media of power-line carrier communication 
apparatus, there are many differences in impedances of power 
lines, noise appeared on power lines, and signal attenuation 
amounts during signal transmissions, which may give great 
influences to communication performance, depending upon 
wiring conditions of respective household power lines. Also, 
these impedances, noise, and signal attenuation amounts are 
changed, depending upon electric appliances connected to 
these power lines, and furthermore, characteristics thereof 
are largely varied by frequencies. 

As previously explained, in such power-line carrier 
communications using power lines as communication media, the 
following risks may be conceived. That is, communication 
trouble and interference given to other existing 
communication systems may be caused by impedance changes, 
noise, and signal attenuation of power lines. As a result, 
systems capable of avoiding use of frequency bands having 
communication trouble should be clearly discriminated from 
systems flexibly adaptable to law regulations of the 
individual countries. In other words, frequency bands usable 
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in communications must be clearly distinguished from 
frequency bands which are not in communications. 
Furthermore, these system changes should be readily and 
necessarily available. As to this problem, a large number of 
technical ideas using a multi-carrier transfer system have 
been conventionally proposed. 

As a conventional power-line carrier communication 
apparatus in which a power line is used as a communication 
medium, for instance, there is such a power-line carrier 
communication apparatus disclosed in Japanese Laid-open 
Patent Application No. 2000-165304. 

Fig. 25 is a block diagram for indicating the power- 
line carrier communication apparatus described in Japanese 
Laid-open Patent Application No. 2000-165304. 

In Fig. 25, reference numeral 600 shows a power-line 
carrier communication apparatus, reference numeral 601 
indicates a data divider, reference numeral 602 represents a 
QAM (Quadrature Amplitude Modulation) encoder, reference 
numeral 603 denotes an inverse Fourier transforming device, 
reference numeral 604 is a parallel-to-serial converter, and 
reference numeral 605 shows a D/A converter. Also, reference 
numeral 606 represents a low-pass filter, reference numeral 

607 denotes a power-line coupling circuit, reference numeral 

608 denotes a power line, reference numeral 609 is another 
low-pass filter, and reference numeral 610 indicates an A/D 
converter. Further, reference numeral 611 shows a serial-to- 
parallel converter, reference numeral 612 represents a 
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Fourier transforming device, reference numeral 613 shows a 
QAM decoder, and reference numeral 614 indicates a data 
synthesizer . 

As apparent from the apparatus arrangement of Fig. 
25, in the power-line carrier communication apparatus 
described in Japanese Laid-open Patent Application No. 2000- 
165304, the orthogonal frequency division multiplexing 
transmission system (will be referred to as "OFDM 
transmission" system hereinafter) utilizing the Fourier 
transformation is applied to the power-line carrier 

communication . 

Next, as to the power-line carrier communication 
apparatus of Fig. 25, operations thereof will now be 
described. 

With respect to transmission operation to the power 
line 608, transmission data is first entered into the data 
divider 601 so as to produce a bit stream which is used to be 
allocated to a plurality of sub-carriers. Next, this bit 
stream is converted into complex signals by the QAM encoder 
602, and then, a time sample series which has been frequency- 
division-multiplexed is produced by processing the complex 
signals via the inverse Fourier transforming device 603 and 
the parallel-to-serial converter 604. This time sample 
series is transmitted via the D/A converter 605, the low-pass 
filter 606, and the power-line coupling circuit 607 to the 
power line 608. Conversely, in reception operation from the 
power line 608, the A/D converter 610 converts an analog 
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signal (power-line communication signal) into a digital 
signal, while this analog signal is received via the power- 
line coupling circuit 607 and the low-pass filter 609 from 
the power line 608, Next, this digital signal is converted 
via the serial-to-parallel converter 611 and the Fourier 
transforming device 612 into a QAM code with respect to each 
of the frequencies. Then, the respective QAM codes are 
demodulated by the QAM decoder 613, and these demodulated 
data are synthesized with each other by the data synthesizer 
614 . 

As previously explained, in accordance with this 
power-line carrier communication apparatus, the transmission 
signal is constructed of the sub-carriers having the plural 
frequency spectrums by the OFDM transmission system, and the 
amount of information which is superimposed on these 
respective sub-carriers is adaptively changed in accordance 
with the noise of the power line and the frequency 
characteristic of the attenuation amount. As a result, there 
is such an advantage that while the frequency is utilized in 
a higher efficiency, the data communication can be performed 
by improving the transmission speed. Also, since the 
circuits provided on the transmission side are controlled in 
such a manner that an arbitrary sub-carrier is not used, such 
a data communication within the frequency band where the 
environment of the transmission path is the worst may be 
avoided, and since the multi-value modulation is actively 
carried out within the frequency band where the condition of 
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the transmission path is better, the data communication may 
be carried out under stable condition. Further, under this 
control operation, this power-line carrier communication 
apparatus may output signals which are properly adapted to 
laws/regulations effective to the individual countries. 

However, in the above-explained conventional power- 
line carrier communication apparatus, the below-mentioned 
problems occur, which will now be explained with reference to 
Fig. 2 6 and Fig. 27. Fig. 2 6 is a graph for graphically 
showing a system of a guard interval, and Fig. 27 is another 
graph for graphically indicating a filter band characteristic 
of the OFDM transmission system. 

In this conventional power-line carrier communication 
apparatus, the OFDM transmission operation using the Fourier 
transformation is carried out in the data communication with 
employment of the power line. In this OFDM transmission 
operation using the Fourier transformation, such a guard 
interval section as shown in Fig. 2 6 must be provided in a 
signal section so as to mitigate an adverse influence by 
multipath aspects. In view of information transmission 
operation, this guard interval section becomes redundant, and 
therefore, reduces the frequency utilizing efficiency. The 
shorter the guard interval section becomes, the higher the 
transmission efficiency is increased. However, the adverse 
influence by the multipath aspects is easily given to the 
reception side, so that the error rate characteristic is 
deteriorated. Under power-line communication environment, 
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since the delay time of the delayed wave caused by the 
multipath aspects is especially increased, the guard interval 
section must be increased. As a result, the ratio of 
sacrificing the transmission speed becomes extremely large. 
5 As to avoiding of the interference given to the existing 
system, as the conventional system, such a system has been 
conducted. That is, since the data is not allocated (masked) 
with respect to the sub-carrier, the amplitudes of the signal 
in the frequency band used in the existing system are 

10 theoretically reduced to zero. Fig. 19 shows an example that 
a frequency band which is not used in the OFDM transmission 
system is masked (will be explained later) . Actually, 
amplitudes of masked sub-carriers do not appear. However, 
since side lobes of adjacent sub-carriers are leaked, nothing 

is but only such an attenuation of approximately 13 dB could be 
obtained. In the case of the OFDM transmission system, since 
the Fourier transformation is carried out by using the 
rectangular wave as the window function, as indicated in Fig. 
27, nothing but only approximately 13 dB could be obtained as 

20 to the attenuation of the side lobes with respect to the main 
lobe. As a consequence, the interference given to the 
existing communication systems cannot be sufficiently 
reduced. More specifically, in the frequency bands which are 
used in the highspeed power-line carrier communications, 

25 there are provided a large number of radio systems having 
higher reception sensitivities such as the amateur .radio 
system and the shortwave broadcasting systems. To avoid the 

7 
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adverse influence given to these existing systems, there is 
such a necessity that any signals are not transmitted with 
respect to the frequency bands which are used by the existing 
systems. To this end, the band-block filter must be newly 
5 installed in the conventional method. This band-block filter 
may cause the circuit scale to be increased. Also, since the 
band-block filter must be operated in high speeds, this 
highspeed operation requirement may cause one of major 
factors for increasing power consumption. 

10 

<Disclosure of Invention> 

In this conventional power-line carrier communication 
apparatus, the following aspects are required. That is, even 
when the guard interval is eliminated which constitutes the 

15 factor of deteriorating the transmission speed, the data 
communication may be carried out. While the frequency band 
used in the communication is limited in correspondence with 
the radio laws/regulations of the respective countries, the 
sufficiently large attenuation amounts may be obtained in the 

20 frequency bands used in the existing communication systems 
without installing the band-block filter which causes the 
factor of increasing the circuit scale. 

To meet such a requirement, an object of the present 
invention is to provide a power-line carrier communication 

25 apparatus operable as follows: That is, even when the guard 
interval is eliminated which constitutes the factor of 
deteriorating the transmission speed, data communications can 

8 
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be carried out, While frequency bands used in the data 
communications are limited in correspondence with the radio 
laws/regulations of the respective countries, sufficiently 
large attenuation amounts can be obtained in the frequency 
5 bands used in the existing communication systems without 
installing a band-block filter which causes a factor of 
increasing a circuit scale. 

To solve the above-described problem, a power-line 
carrier communication apparatus, according to an aspect of 

10 the present invention, is featured by such a power-line 
carrier communication apparatus comprising a transmission 
unit, a reception unit, a power-line coupling unit for 
superimposing a signal derived from the transmission, unit 
with respect to a power line as a power-line communication 

is signal and also for extracting only a power-line 
communication signal from the power line, and a control unit 
for controlling respective structural elements of the 
transmission unit and of the reception unit, by which a 
communication operation is carried out by employing a 

20 plurality of sub-carriers, in which the transmission unit is 
comprised of: a signal point mapping device for producing a 
plurality of bit streams from inputted transmission data so 
as to map the bit streams to signal points of the respective 
sub-carriers; a wavelet inverse transforming device for 

25 modulating the respective sub-carriers by wavelet waveforms 
which are orthogonal to each other based upon signal point 
data of the respective sub-carriers mapped by the signal 

9 
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point mapping device so as to produce temporal waveform 
series data; and a D/A converter for converting the temporal 
waveform series data produced by the wavelet inverse 
transforming device into an analog temporal waveform series 

5 signal; in which the reception unit is comprised of: an A/D 
converter for digitally converting the power-line 
communication signal extracted from the power line by the 
power-line coupling circuit to obtain sampling-series 
waveform data; a wavelet transforming device for wavelet- 

10 transforming the sampling-series waveform data obtained by 
the A/D converter into signal point data of the respective 
sub-carriers; and a symbol judging device for judging the bit 
streams mapped by the signal point mapping device by inverse- 
mapping a plurality of the signal point data outputted from 

is the wavelet transforming device, and for synthesizing the 
judged bit streams with each other as a reception data 
series . 

As a consequence, such a power-line carrier 
communication apparatus can be obtained* That is, even when 

20 the guard interval is eliminated which constitutes the factor 
of deteriorating the transmission speed, data communications 
can be carried out. While frequency bands used in the data 
communications are limited in correspondence with the radio 
laws/regulations of the respective countries, sufficiently 

25 large attenuation amounts can be obtained in the frequency 
bands used in the existing communication systems without 
installing a band-block filter which causes a factor of 

10 
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increasing a circuit scale. 

<Brief Description of the Drawings> 

Fig. 1A shows a graph for explaining a conceptional 
idea as to a temporal waveform of a wavelet, and Fig. IB 
indicates a graph for explaining a conceptional idea as to a 
frequency spectrum of a wavelet; 

Fig. 2A is an explanatory diagram for explaining a 
data flow in orthogonal transforming operation, and Fig. 2B 
is an explanatory diagram for explaining a data flow in 
overlapped orthogonal transforming operation; 

Fig. 3 is a block diagram for representing a power- 
line carrier communication apparatus according to an 
embodiment mode 1 of the present invention; 

Fig. 4 is an explanatory diagram for explaining 
operations of a transmission unit of the power-line carrier 
communication apparatus shown in Fig. 3; 

Fig. 5 is an explanatory diagram for explaining 
operations of a reception unit of the power-line carrier 
communication apparatus indicated in Fig. 3; 

Fig. 6 is a block diagram for indicating a power-line 
carrier communication apparatus according to an embodiment 
mode 2 of the present invention; 

Fig. 7 is a block diagram for representing a power- 
line carrier communication apparatus according to an 
embodiment mode 3 of the present invention; 

Fig. 8 is an explanatory diagram for explaining 

11 
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operations of a transmission unit of the power-line carrier 
communication apparatus shown in Fig. 7; 

Fig. 9 is an explanatory diagram for explaining 
operations of a reception unit of the power-line carrier 
5 communication apparatus indicated in Fig. 7; 

Fig. 10A is a graph for graphically showing an 
example of impulse responses of respective filters employed 
in a filter bank circuit for realizing a 4-divided complete 
reconstruction of GLT, and Fig. 10B is a graph for 
10 graphically showing an example of frequency responses of the 
respective filters employed in the filter bank circuit for 
realizing the 4-divided complete reconstruction of GLT; 

Fig. 11A is a graph for graphically showing an 
example of impulse responses of respective filters employed 
15 in a filter bank circuit for realizing a 4-divided ELT, and 
Fig. 11B is a graph for graphically showing an example of 
frequency responses of the respective filters employed in the 
filter bank circuit for realizing the 4-divided ELT; 

Fig. 12A is a block diagram for indicating a band- 
20 synthesizing filter bank circuit constructed of general- 
purpose FIR filters, and Fig. 12B is a block diagram for 
showing a band-dividing filter bank circuit constituted by 
the general-purpose FIR filters; 

Fig. 13A is a block diagram for indicating a band- 
25 synthesizing filter bank circuit constructed of poly-phase 
filters, and Fig. 13B is a block diagram for showing a band- 
dividing filter bank circuit constituted by the poly-phase 

12 
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filters; 

Fig. 14 is a block diagram for representing the poly- 
phase filters of Figs. 13A and 13B; 

Fig. 15A is a block diagram for representing band- 
synthesizing filter bank circuit as wavelet inverse 
transformation of the power-line carrier communication 
apparatus shown in Fig. 3, Fig. 6, Fig. 7; and Fig. 15B is a 
block diagram for representing a band-dividing filter bank 
circuit as wavelet transformation of the power-line carrier 
communication apparatus shown in Fig 3, Fig. 6, Fig. 7; 

Fig. 16 is a functional block diagram for indicating 
a plane rotation calculating circuit; 

Fig. 17 is an explanatory diagram for explaining a 
control method of a power-line carrier communication 
is apparatus according to an embodiment mode 10 of the present 
invention; 

Fig. 18 is a graph for graphically indicating an 
example of a frequency spectrum permitted to power-line 
carrier communications; 
20 Fig. 19 is a graph for graphically showing a 

transmission frequency spectrum in the case that the OFDM 
transmission is employed; 

Fig. 20 is a graph for graphically indicating a 
transmission frequency spectrum of the power-line carrier 
25 communication apparatus; 

Fig. 21 is an explanatory diagram for explaining a 
control method of the power-line carrier communication 

13 
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apparatus shown in Fig, 3, Fig. 6, Fig. 7; 

Fig. 22 is a flow chart for explaining operations of 
a control unit of a power-line carrier communication 
apparatus according to an embodiment mode 13 of the present 
5 invention; 

Fig. 23A is an explanatory diagram for explaining a 
change in signal point numbers of a signal point mapping 
device of the power-line carrier communication apparatus, and 
Fig. 23B is an explanatory diagram for explaining a change in 

10 signal point numbers of a signal point mapping device of the 
power-line carrier communication apparatus; 

Fig. 24 is a flow chart for explaining operations of 
a power-line carrier communication apparatus according to an 
embodiment mode 14 of the present invention; 

is Fig. 25 is a block diagram for indicating the power- 

line carrier communication apparatus described in Japanese 
Laid-open Patent Application No. 2000-165304; 

Fig. 2 6 is a graph for graphically indicating the 
system of the guard interval; 

20 Fig. 27 is a graph for graphically showing the filter 

bank characteristic of the OFDM transmission system; 

Fig 28 is a block diagram for indicating a power-line 
communication apparatus according to an embodiment mode 1 of 
the present invention; 

25 Fig. 2 9 is a graph for graphically indicating a 

spectrum of the WOFDM system in which a plurality of sub- 
carriers are arranged; 

14 
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Fig. 30 is a block diagram for representing a power- 
line communication system according to an embodiment mode 2 
of the present invention; and 

Fig. 31A is a block diagram for showing a spread 
spectrum power-line communication apparatus functioning as 
the power-line communication apparatus disclosed in the 
publication; and Fig. 31B is a block diagram for indicating 
an ALC circuit which constitutes the spread spectrum power- 
line communication apparatus of Fig. 31A. 

<Best Mode for Carrying Out the Invention> 

Referring now to Fig. 1A to Fig. 24, embodiment modes 
of the present invention will be described. 
(EMBODIMENT MODE 1) 

First, different points of modulating/demodulating 
operations executed by the Fourier transformation and the 
wavelet transformation will now be described with reference 
to Figs. 1A, IB, 2A, and 2B . Fig. 1A shows a graph for 
explaining a conceptional idea as to a temporal waveform of a 
wavelet, and Fig. IB indicates a graph for explaining a 
conceptional idea as to a frequency spectrum of a wavelet. 
Fig.. 2A is an explanatory diagram for explaining a data flow 
in orthogonal transforming operation, and Fig. 2B is an 
explanatory diagram for explaining a data flow in overlapped 
orthogonal transforming operation. 

In the modulating/demodulating operations using the 
Fourier transformation, a plurality of trigonometric 

15 
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functions which are orthogonally intersected with each other 
are multiplied by a window function of a rectangular wave to 
constitute each of sub-carriers. At this time, a frequency 
characteristic becomes Sine function (Sinx/x function) . On 
5 the other hand, in the modulating/demodulating operation 
using the wavelet transformation, each of sub-carriers is 
constituted by a plurality of wavelets which are orthogonally 
intersected with each other. In this case, the expression 
"wavelet" corresponds to such a waveform which is localized 
10 even in a time domain as well as in a frequency domain, as 
represented in Figs. 1A and IB. 

Also, as shown in Fig. 2A, in the Fourier 
transformation, sample values of an input signals are 
processed to form sample blocks without any overlapping 
is operation in transforming steps. The transforming example of 
Fig. 2A illustratively represents a flow operation of block- 
forming the input signal in the case that a dividing number 
is equal to 2 . On the other hand, in the wavelet 
transformation, as shown in Fig. 2B, sample values of an 
20 input signal are processed to form sample blocks in such a 
manner that these sample values are overlapped with each 
other by shifting a certain number of sample values in each 
of transforming steps. The transforming sample of Fig. 2B 
illustratively shows a flow operation of block-forming the 
25 input signal in the case that a dividing number is equal to 2 
and an overlapping degree is selected to be 2 . As apparent 
from the comparison result between the Fourier trans format ion 
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and the wavelet transformation, even when the same dividing 
numbers are employed, filter lengths in one transforming step 
are different from each other. In other words, both a shape 
and a time length of a sub-carrier wave are exclusively 
determined with respect to a dividing number in the Fourier 
transformation, whereas both a shape and a time length of a 
sub-carrier may be changed based upon an overlapping degree 
of an input signal in the wavelet transformation (wavelet 
transformation owns freedom degree) . 

Fig. 3 is a block diagram for indicating a power-line 
carrier communication apparatus 100 according to an 
embodiment mode 1 of the present invention. 

In Fig. 3, reference numeral 101 shows a transmission 
unit, and reference numeral 111 indicates a reception unit. 
The transmission unit 101 is provided with a signal point 
mapping device 102, a wavelet inverse transforming device 
103, a D/A converter 104, a transmission amplifier 105, and a 
band-pass filter 106. Also, the reception unit 111 is 
equipped with a band-pass filter 112, an amplification 
controller 113, an A/D converter 114, a wavelet transforming 
device 115, and a symbol judging device 116. The power-line 
carrier communication apparatus 100 is arranged by the 
transmission unit 101, the reception unit 111, a power-line 
coupling circuit 121, and a control unit 122. 

Operations of the power-line carrier communication 
apparatus 100 with employment of the above-described 
arrangement will now be explained with reference to Fig. 4 

17 
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and Fig. 5. Fig. 4 is an explanatory diagram for explaining 
operations of the transmission unit 101 of the power-line 
carrier communication apparatus 100. Fig. 5 is an 

explanatory diagram for explaining operations of the 
reception unit 111 of the power-line carrier communication 
apparatus 100. It should be noted that there are degrees of 
freedom as to both a number "N" of sub-carriers and a filter 
length "M" in a wavelet transforming step. The number "N" of 
sub-carriers is equal to a power of 2, and the filter length 
"M" is equal to such a value obtained by multiplying the 
number "N" of sub-carriers by an arbitrary integer. However, 
in this embodiment mode 1, for the sake of simple 
explanations, a wavelet transformation for dividing a use 
frequency band by 4 is used. In other words, the following 
description is made of such a condition that the number "N" 
of sub-carriers used in a communication is selected to be 4. 
Also, each of filters which constitute a wavelet 
transformation owns such a filter length which is two times 
larger than the number "N" of sub-carriers, and the wavelet 
transforming operation is carried out by employing two sets 
of signal point data. 

First, a description will now be made of data flow of 
the transmission unit 101 with employment of Fig. 4. 

The signal point mapping device 102 firstly produces 
a plurality of bit streams having proper lengths by 
subdividing data to be transmitted (transmission bit series) . 
For instance, the signal point mapping device 102 subdivides 
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such data (transmission bit series) of "0001111010110100" 
into 2-bit data streams of "00", "01", "11", "10", "10", 
"11", "01", and "00" so as to produce a bit stream which is 
allocated to the respective sub-carriers. Next, the signal 

5 point mapping device 102 maps the respective bit streams of 
these produced "00", "01", "11", and "10" to signal points 
corresponding to PAM (Pulse Amplitude Modulation) signal 
points such as "+1", "+3", "-3", "-1." Then, the signal 
point mapping device 102 allocates these PAM signal point 

10 data as "Tl" to the input unit of the wavelet inverse 
transforming device 103. The wavelet inverse transforming 
device 103 performs the wavelet inverse transforming 
operation by employing two sets of PAM signal point data 
allocated as »T1" so as to output sample values of a 

is transmission waveform on the time axis during one symbol 
term. The D/A converter 104 outputs this temporal sample 
value (temporal waveform series data) at constant sampling 
time. The transmission amplifier 105 amplifies this 

transmission waveform up to a transmission signal level, and 

20 then, the band-pass filter 106 removes an unnecessary 
frequency component from the amplified transmission signal. 
The power-line coupling circuit 121 outputs the signal which 
has been waveform-shaped by the band-pass filter 106 as a 
signal used for a power-line communication to the power line 

25 110. The above-described operations correspond to the 
description of the data flow operation during transmission 
operation. 
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Next, data flow operations of the reception unit 111 
will now be explained with reference to Fig, 5. 

Firstly, the power-line coupling circuit 121 extracts 
a power-line communication signal from the power line 110. 
5 The band-pass filter 112 removes a noise signal located 
outside the use frequency band from the extracted power-line 
communication signal, and then outputs the filtered 
communication signal to the amplification controller 113. 
The amplification controller 113 controls a signal level of 

10 this filtered communication signal in order to be covered 
into a dynamic range of the A/D converter 114. Then, the A/D 
converter 114 samples this analog signal waveform at the same 
timing as the sampling timing of the transmission side to 
obtain digital waveform data. The wavelet transforming 

15 device 115 wavelet-transforms this waveform data so as to 
acquire signal point data every sub-carrier. The symbol 
judging device 116 inverse-maps this signal point data so as 
to recover this signal point data as the most likelihood bit 
stream, so that reception data may be obtained. The above- 

20 described operations are the explanations of the data flow 
operations during the reception. 

It should be understood that in this embodiment mode 
1, since the transmission data are sequentially allocated to 
a plurality of sub-carriers, the highspeed data communication 

25 can be realized. Since the same data are simultaneously 
allocated to a plurality of different sub-carriers to be 
transmitted, such a data communication with higher 
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reliability may be realized. 

Since the above-described arrangement of the power- 
line carrier communication apparatus 100 is employed, such a 
redundant signal portion as the guard interval required in 
-the OFDM transmission system is no longer required, so that 
the transmission efficiency can be improved. Also, since the 
Fourier transforming operation which requires the complex 
number calculation may be realized by such a wavelet 
transforming operation by executing the calculation of the 
real part, a total calculation amount can be reduced, and 
also, a circuit scale can be reduced. 

(EMBODIMENT MODE 2) 

Fig. 6 is a block diagram for indicating a power-line 
carrier communication apparatus according to an embodiment 
mode 2 of the present invention. In this embodiment mode 2, 
a description is made of such a case that a baseband signal 
in the embodiment mode 1 is expanded to a band signal in 
which an arbitrary carrier is set to a center thereof. 

In Fig. 6, reference numeral 101 shows a transmission 
unit, and reference numeral 111 indicates a reception unit. 
The transmission unit 101 is provided with a signal point 
mapping device 102, a wavelet inverse transforming device 
103, an SSB (Single SideBand) modulator 107 functioning as a 
transmitting frequency converter, a D/A converter 104, a 
transmitting amplifier 105, and a band-pass filter 106. 
Also, the reception unit 111 is equipped with a band-pass 
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filter 112, an amplification controller 113, an SSB 
demodulator 117 functioning as a receiving frequency 
converter, a wavelet transforming device 115, and a symbol 
judging device 116. The power-line carrier communication 
5 apparatus 100 is arranged by the transmission unit 101, the 
reception unit 111, a power-line coupling circuit 121, and a 
control unit 122. 

Operations of the power-line carrier communication 
apparatus 100 with employment of the above-described 

10 arrangement will now be explained with reference to Fig. 4 
and Fig. 5. For the sake of simple explanations, in this 
embodiment mode 2, it is so assumed that while a wavelet 
transformation for subdividing a use frequency band into four 
frequency bands is employed, each of filters which constitute 

15 the wavelet transforming device owns such a filter length 
obtained by multiplying the number "N" of sub-carriers by 2. 
Also, it should be understood that operations executed in 
this embodiment mode 2 are similar to those of the embodiment 
mode 1 except for frequency shift operation. 

20 First, a description will now be made of data flow of 

the transmission unit 101 with employment of Fig. 4. The 
signal point mapping device 102 firstly produces a plurality 
of bit streams having proper lengths by subdividing data to 
be transmitted (transmission bit series) . For instance, the 

25 signal point mapping device 102 subdivides such data 
(transmission bit series) of "0001111010110100" into 2-bit 
data streams of "00", "01", "11", "10", "10", "11", "01", and 
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"00" so as to produce a bit stream which is allocated to the 
respective sub-carriers. Next, the signal point mapping 
device 102 maps the respective bit streams of these produced 
"00", "01", "11", and "10" to signal points corresponding to 
5 : PAM (Pulse Amplitude Modulation) signal points such as "+1", 
xx +3", "-3", "-1," Then, the signal point mapping device 102 
allocates these PAM signal point data as "Tl" to the input 
unit of the wavelet inverse transforming device 103. The 
wavelet inverse transforming device 103 performs the wavelet 

10 inverse transforming operation by employing two sets of PAM 
signal point data allocated as "Tl" so as to output sample 
values of a transmission waveform on the time axis during one 
symbol term. The SSB modulator 107 frequency-shifts this 
transmission sample series. The D/A converter 104 outputs 

is this temporal sample value (temporal waveform series data) at 
constant sampling time. The transmission amplifier 105 
amplifies this transmission waveform up to a transmission 
signal level, and then, the band-pass filter 106 removes an 
unnecessary frequency component from the amplified 

20 transmission signal. The power-line coupling circuit 121 
outputs the signal which has been waveform-shaped by the 
band-pass filter 106 as a signal used for a power-line 
communication to the power line 110, The above-described 
operations correspond to the description of the data flow 

25 operation during transmission operation. 

Next, data flow operations of the reception unit 111 
will now be explained with reference to Fig. 5. 
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Firstly, the power-line coupling circuit 121 extracts 
a power-line communication signal from the power line 110. 
The band-pass filter 112 removes a noise signal located 
outside the use frequency band from the extracted power-line 
5 communication signal, and then outputs the filtered 
communication signal to the amplification controller 113. 
The amplification controller 113 controls a signal level of 
this filtered communication signal in order to be covered 
into a dynamic range of the A/D converter 114. Then, the A/D 

10 converter 114 samples this analog signal waveform at the same 
timing as the sampling timing of the transmission side to 
obtain digital waveform data. The SSB demodulator 117 down- 
converts this digital signal into digital data in a baseband 
range. The wavelet transforming device 115 wavelet- 

15 transforms this waveform data so as to acquire signal point 
data every sub-carrier. The symbol judging device 116 
inverse-maps this signal point data so as to recover this 
signal point data as the most likelihood bit stream, so that 
reception data may be obtained. The above-described 

20 operations are the explanations of the data flow operations 
during the reception . 

Since the above-described arrangement of the power- 
line carrier communication apparatus 100 is employed, similar 
to the embodiment mode 1, such a redundant signal portion as 

25 the guard interval required in the OFDM transmission system 
is no longer required, so that the transmission efficiency 
can be improved. Also, since the Fourier transforming 
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operation which requires the complex number calculation may 
be realized by such a wavelet transforming operation by 
executing the calculation of the real part, a total 
calculation amount can be reduced, and also, a circuit scale 
5 can be reduced. Furthermore, since the shifting operation to 
the arbitrary frequency can be carried out, the power-line 
carrier communication apparatus of this embodiment mode 2 may 
be readily applied to such a case that, for example, 
frequency bands which are different in indoor use and outdoor 
10 use are made different from each other in the individual 
countries. As a result, a circuit scale may be furthermore 
reduced, as compared with such a case that the power-line 
carrier communication apparatus is available only in the 
baseband transmission system. 

15 

(EMBODIMENT MODE 3) 

Fig. 7 is a block diagram for indicating a power-line 
carrier communication apparatus 100 according to an 
embodiment mode 3 of the present invention. 

20 In Fig. 7, reference numeral 101 shows a transmission 

unit, and reference numeral 111 indicates a reception unit. 
The transmission unit 101 is provided with a signal point 
mapping device 102, a wavelet inverse transforming device 
103, a D/a converter 104, a quadrature modulator 108, a 

25 transmission amplifier 105, and a band-pass filter 106. 
Also, the reception unit 111 is equipped with a band-pass 
filter 112, an amplification controller 113, an A/D converter 
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114, a quadrature demodulator 118, a wavelet transforming 
device 115, and a symbol judging device 116. The power-line 
carrier communication apparatus 100 is arranged by the 
transmission unit 101, the reception unit 111, a power-line 
5 coupling circuit 121, and an overall control unit 122. 

Operations of the power-line carrier communication 
apparatus 100 with employment of the above-described 
arrangement will now be explained with reference to Fig. 8 
and Fig. 9. Fig. 8 is an explanatory diagram for explaining 

10 operations of the transmission unit 101 of the power-line 
carrier communication apparatus 100. Fig. 9 is an 

explanatory diagram for explaining operations of the 
reception unit 111 of the power-line carrier communication 
apparatus 100. For the sake of simple explanations, in this 

15 embodiment mode 3, it is so assumed that while a wavelet 
transformation for subdividing a use frequency band into four 
frequency bands is employed, each of filters which constitute 
the wavelet transforming device owns such a filter length 
obtained by multiplying the number "N" of sub-carriers by 2. 

20 First, a description will now be made of data flow of 

the transmission unit 101 with employment of Fig. 8. 

The signal point mapping device 102 firstly produces 
a plurality of bit streams having proper lengths by 
subdividing data to be transmitted (transmission bit series) . 

25 For instance, the signal point mapping device 102 subdivides 
such data (transmission bit series) of "0001111010110100" 
into 2-bit data streams of "00", "01", "11", "10", "10", 
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"11", "01", and "00" so as to produce a bit stream which is 
allocated to the respective sub-carriers. Next, the signal 
point mapping device 102 maps the respective bit streams of 
these produced "00", "01", "11", and "10" to signal points of 
a complex domain corresponding to a quadrature amplitude 
modulation (QAM) system. At this time, the complex signal 
point data is allocated to a real part and an imaginary part. 

The wavelet inverse transforming device 103 executes the 
wavelet inverse transforming operation with respect to the 
real part and the imaginary part respectively by employing 
two sets of signal point data allocated as "T2" so as to 
output sample values of a transmission waveform on the time 
axis during one symbol term. At this time, the sample value 
of the transmission waveform remains in the form of the 
complex number. The quadrature modulator 108 quadrature- 
modulates this complex signal so as to frequency-shift the 
complex signal to an arbitrary carrier band. The D/A 
converter 104 outputs the temporal sample value which has 
been frequency-shifted at constant sampling time. The 
transmission amplifier 105 amplifies this transmission 
waveform up to a proper signal level, and then, the band-pass 
filter 106 removes an unnecessary frequency component from 
the amplified transmission signal. The power-line coupling 
circuit 121 outputs the signal which has been waveform-shaped 
by the band-pass filter 106 as a signal used for a power line 
communication to the power line 110. The above-described 
operations correspond to the description of the data flow 
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operation during transmission operation. 

Next, data flow operations of the reception unit 111 
will now be explained with reference to Fig. 9. 

Firstly, the power-line coupling circuit 121 extracts 
a power-line communication signal from the power line 110. 
The band-pass filter 112 removes a noise signal located 
outside the use frequency band from the extracted power-line 
communication signal, and then outputs the filtered 
communication signal to the amplification controller 113. 
The amplification controller 113 controls a signal level of 
this filtered communication signal in order to be covered 
into a dynamic range of the A/D converter 114. Then, the A/D 
converter 114 samples this analog signal waveform at the same 
timing as the sampling timing of the transmission side to 
obtain digital waveform data. The quadrature demodulator 118 
down-converts the waveform data into a baseband range so as 
to be converted into a complex baseband signal. The wavelet 
transforming device 115 wavelet-transforms this complex 
waveform data so as to acquire complex signal point data 
every sub-carrier. The symbol judging device 116 inverse- 
maps this complex signal point data so as to recover this 
signal point data as the most likelihood bit stream, so that 
reception data may be obtained. The above-described 

operations are the explanations of the data flow operations 
during the reception. 

Since the above-described arrangement of the power- 
line carrier communication apparatus 100 is employed, such a 
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redundant signal portion as the guard interval required in 
the OFDM transmission system is no longer required, so that 
the frequency utilizing efficiency can be improved. Also, 
since the signal point data of the complex domain can be used 
by performing the quadrature modulating/demodulating 
operations, the frequency utilizing efficiency can be 
furthermore improved . 



(EMBODIMENT MODE 4) 

10 An arrangement of a power-line carrier communication 

apparatus according to an embodiment mode 4 of the present 
invention corresponds to such an arrangement indicated in 
Fig. 3, Fig. 6, or Fig. 7. In this embodiment mode 4, a 
description is made of such a case that both the wavelet 

is: inverse transferring device 103 and the wavelet transforming 
device 15 are arranged by a generalized lapped orthogonal 
transformation (GLT) . The GLT corresponds to such a fact 
that a structure of a lapped orthogonal transformation (LOT) 
is generalized as to the tap number of filters. 

20 Fig. 10A is a graph for graphically indicating an 

example of an impulse response of each of filters employed in 
a filter bank circuit which realizes a GLT having 4-divided 
complete reconstructions, and Fig. 10B is a graph for 
graphically showing an example of a frequency response of 

25 each of the filters employed in the filter bank circuit which 
realizes the GLT having the 4-divided complete 
reconstructions . 
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It should be understood that in this embodiment mode 
4, the filter bank circuit which realizes the GLT is 
constituted by an FIR filter group. Alternatively, this 
filter bank circuit may be constituted by either a poly-phase 
filter or a lattice structure. Also, this embodiment mode 4 
has represented the example of the filter bank circuit which 
realizes the GLT having the complete reconstruction. 
Alternatively, a filter bank circuit having a quasi-complete 
reconstruction may be applied. Since the filter bank circuit 
is constituted by the quasi-complete reconstruction, side 
lobes in the respective sub-carriers may be furthermore 
reduced, as compared with in such a case that the filter bank 
circuit is constituted by the complete reconstruction. 

Since the filter bank circuit having such a filter 
coefficient as indicated in Figs. 10A and 10B is constructed, 
linear phase characteristics can be given to all of the 
filters employed in the filter bank circuit which realizes 
the wavelet transformation. Since all of the filters own the 
linear phase characteristics, a total number of multipliers 
required in the filter bank circuit can be reduced by 1/2, so 
that the circuit scale can be reduced. Also, since the 
frequency characteristic of each of these sub-carriers can be 
designed to be made steep while the main lobe is located at a 
center, the adverse influences caused by interference given 
from other sub-carriers and noise produced outside the use 
frequency band can be reduced during the reception operation. 
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(EMBODIMENT MODE 5) 

An arrangement of a power-line carrier communication 
apparatus according to an embodiment mode 5 of the present 
invention corresponds to such an arrangement indicated in 
5 Fig. 3, Fig. 6, or Fig. 7. In this embodiment mode 5, a 
description is made of such a case that both the wavelet 
inverse transforming device 103 and the wavelet transforming 
device 115 are arranged by an extended modulated lapped 
transformation (ELT) . The ELT corresponds to such a fact 

10 that a structure of a modulated lapped transformation (MLT) 
is generalized as to the tap number of filters. 

Fig. 11A is a graph for graphically indicating an 
example of an impulse response of each of filters employed in 
a filter bank circuit which realizes a 4-division ELT 

15 structure and Fig. 11B is a graph for graphically showing an 
example of a frequency response of each of the filters 
employed in the filter bank circuit which realizes the 4- 
division ELT structure. 

It should be understood that in this embodiment mode 

20 5, the filter bank circuit which realizes the ELT structure 
is constituted by an FIR filter group. Alternatively, this 
filter bank circuit may be constituted by either a poly-phase 
filter or a lattice structure. 

Since the filter bank circuit having such a filter 

25 coefficient as indicated in Figs. 11A and 11B is arranged, 
side lobes of the sub-carriers can be furthermore reduced, as 
compared with either the LOT structure or the GLT structure 
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as explained in the embodiment mode 4. Also, since the 
frequency characteristic of each of these sub-carriers can be 
designed to be made steep while the main lobe is located at a 
center, the adverse influences caused by interference given 
from other sub-carriers and noise produced outside the use 
frequency band can be reduced during the reception operation 
without requiring the band-block filter. This band-block 
filter is required in the conventional system in order not to 
give the adverse influence to the existing system in the 
power-line carrier communication apparatus 100. 

(EMBODIMENT MODE 6) 

In an embodiment mode 6 of the present invention,- a 
description will now be made of such a case that both the 
wavelet inverse transforming device 103 and the wavelet 
transforming device 115, which constitute the power-line 
carrier communication apparatus 100 of Fig. 3, Fig. 6, Fig. 
7, are constituted by a poly-phase filter with reference to 
Figs. 12A, 12B, Fig. 13A, and 13B. Fig. 12A is a block 
diagram for representing a band-synthesizing filter bank 
circuit which is constituted by general-purpose FIR filters, 
and Fig. 12B is a block diagram for showing a band-dividing 
filter bank circuit which is constituted by general-purpose 
FIR filters. Fig. 13A is a block diagram for representing a 
band-synthesizing filter bank circuit which is constituted by 
poly-phase filters, and Fig. 13B is a block diagram for 
showing a band-dividing filter bank circuit which is 



32 



WO 03/063380 PCT/JP03/00556 

constituted by poly-phase filters. 

First, the arrangement of the filter bank circuit 
which is arranged by employing the general-purpose FIR 
filters will now be explained with reference to Figs. 12A and 
5 12B. In Figs. 12A and 12B, reference numeral 201 indicates 
an up-sampler for multiplying a sampling rate of a signal by 
"N" times, reference numeral 202 shows an FIR filter, 
reference numeral 203 denotes an FIR filter group formed by 
combining a plurality of FIR filters 202 which are orthogonal 
10 to each other, and reference numeral 204 indicates a two- 
input adder. With employment of the above-described circuit 
arrangement, a band-synthesizing filter bank circuit 200 
functioning as the wavelet inverse transforming device 103 
may be arranged. 

is Also, reference numeral 211 represents FIR filters, 

reference numeral 212 shows an FIR filter group formed by 
combining a plurality of FIR filters 211 which are orthogonal 
to each other, and reference numeral 113 denotes a down- 
sampler for decreasing a sampling rate by 1/N. With 

20 employment of the above-explained circuit arrangement, the 
band-dividing filter bank circuit 210 functioning as the 
wavelet transforming device 115 may be arranged. 

It should also be noted that the respective FIR 
filters 202 and 211 which constitute both the FIR filter 

25 group 203 of the wavelet inverse transforming device 103 and 
the FIR filter group 212 of the wavelet transforming unit 210 
are arranged in such a manner that an input signal with 
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respect to the wavelet transforming device 115 is made 
coincident with an output signal with respect to this wavelet 
transforming device 115 except for a signal delay. For 
example, as a filter coefficient capable of satisfying this 
5 condition, the following (table 1) and (table 2) may be 
conceived: 



[Table 1] 



[Table 2] 



Table 1: Example of Filter Coefficients of Wavelet Inverse 
Transforming Device (Band-synthesizing Filter Bank Circuit) 





tap 1 


tap 2 


tap 3 


tap 4 


tap 5 


tap 6 


tap 7 


tap 8 


hi 


Qf18 


Of 17 


Qf16 


Of 15 


ar14 


a?13 


or12 


a 11 


h2 


Of 28 


Of 27 


Of 26 


a 25 


a 24 


Of 23 


or 22 


Qf21 


h3 


a 38 


or 37 


a 36 


or 35 


a 34 


ar33 


or 32 


Qf31 


h4 


a 48 


a 47 


a 46 


or 45 


ar44 


ar43 


or 42 


or 41 



Table 2: Example of Filter Coefficients of Wavelet 
Transforming Device (Band— dividing Filter Bank Circuit) 
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tap 1 


tap 2 


tap 3 


tap 4 


tap 5 


tap 6 


tap 7 


tap 8 


hi 


all 


ar12 


Qf13 


Of 14 


a15 


Qf16 


a\l 


Qf18 


h2 


a21 


Of 22 


Of 23 


a 24 


a 25 


Of 26 


a 27 


or 28 


h3 


QT31 


Qf32 


a; 33 


Of 34 


or 35 


Of 36 


or 37 


a 38 


h4 


Qf41 


or 42 


or 43 


Of 44 


a 45 


Of 46 


Of 47 


Of 48 



io The filter coefficients indicated in (table 1) and 

(table 2) correspond to one example of a filter bank circuit 
which divides a range by 4. In this example, symbol M h" 
shows a general-purpose FIR filter. This FIR filter is 
constituted by 7 delay elements, 8 multipliers, and 7 adders. 
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These 7 delay elements are cascade-connected to each other 
and delay input data. The 8 multipliers multiply both output 
data of this delay element and the above-described input data 
by coefficients. The 7 adders sequentially add output data 
of the multipliers to each other from the input side thereof 
to obtain an accumulated value. Symbol M tap" shows the 
above-explained multipliers, and symbol "a" indicates the 
coefficients of the above-explained 8 multipliers. Also, 
symbol "M" contained in symbol x> aMN" shows a filter number, 
and symbol "N" represents a tap number. 

Next, a filter bank circuit which is arranged by 
poly-phase filters will now be explained with reference to 
Figs. 13A and 13B. In Figs. 13A and 13B, reference numeral 
301 shows poly-phase filters, reference numeral 302 indicates 
up-samplers for multiplying a sampling rate of a signal by N, 
reference numeral 303 represents 2-input adders, and also 
reference numeral 304 indicates delay elements (registers) 
for delaying input data by 1 sampling time. With employment 
of the above-explained circuit elements, the band- 
synthesizing filter bank circuit 300 functioning as the 
wavelet inverse transforming device 103 may be arranged. 

Also, reference numeral 311 shows delay elements for 
delaying input data by 1 sampling time, reference numeral 312 
represents down-samplers for reducing a sampling rate by 1/N, 
and reference numeral 313 indicates poly-phase filters. With 
employment of the above-explained circuit elements, the band- 
dividing filter bank circuit 310 functioning as the wavelet 
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transforming device 115 may be arranged. 

Fig. 14 is a block diagram for indicating the poly- 
phase filters 301 and 313 of Figs. 13A and 13B. In Fig. 14, 
reference numeral 321 indicates filters, and reference 
5 numeral 322 shows 2-input adders. The respective filters 
which constitute both the poly-phase filter 301 and the poly- 
phase filter 313 are arranged in such a manner that an input 
signal with respect to the band-synthesizing filter bank 
circuit 300 is made coincident with an output signal of the 

10 band-dividing filter bank circuit 310 except for a signal 
delay. In order to make the calculation results obtained by 
(table 1) and (table 2) identical to each other, the 
respective poly-phase filters may be arranged as shown in 
(table 3) to (table 10) . 

15 [Table 3] 



Table 3: Filter Coefficients of Poly- 
phase FilteM of Band-synthesizing 
Filter Bank Circuit 
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[Table 4] 



Table 4: Filter Coefficients of Poly- 
phase Filter_2 of Band-synthesizing 
Filter Bank Circuit 
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[Table 5] 



Table 5: Filter Coefficients of Poly- 
phase Filter_3 of Band-synthesizing 
Filter Bank Circuit 





tap 1 
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hi 
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[Table 6] 



Table 6: Filter Coefficients of Poly- 
phase Filter_4 of Band-synthesizing 
Filter Bank Circuit 
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Qf14 


h2 


Of 28 
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h3 
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h4 
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[Table 7] 



Table 7: Filter Coefficients of Poly- 
phase Filter.1 of Band-dividing 
Filter Bank Circuit 
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[Table 8] 



Table 8: Filter Coefficients of Poly- 
phase Filter_2 of Band-dividing 
Filter Bank Circuit 





tap 1 


tap 2 


hi 




al5 


hi 


all 


a!6 


h3 


Of 23 


all 


h4 


OS 24 


a 18 



[Table 9] 



Table 9: Filter Coefficients of Poly- 
phase FilterJ3 of Band-dividing 
Filter Bank Circuit 





tap 1 


tap 2 


hi 


C*31 


or 35 


hi 


Of 32 


or 36 


h3 


or33 


a 37 


h4 


a 34 


a 38 



[Table 10] 



Table 10: Filter Coefficients of 
Poly-phase Filter_4 of Band- 
dividing Filter Bank Circuit 





tap 1 


tap 2 


hi 


ar41 


Of 45 


h2 


Qf42 


or 46 


h3 


ar43 


or 47 


h4 


a 44 


Of 48 



A difference point between the filter bank circuits 
of Figs. 12A and 12B and the filter bank circuits of Figs. 
13A and 13B is such a technical point that circuit positions 
for changing the sampling rates are different from each 
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other. In the band-synthesizing filter bank circuits 200 and 
300, the signal is up-sampled before the signal is inputted 
to the FIR filter in Figs. 12A and 12B, whereas the signal is 
up-sampled after the filter calculation by the poly-phase 
filter in Figs. 13A and 13B. On the other hand, in the band- 
dividing filter bank circuits 210 and 310, the signal is 
down-sampled after the filter calculation by the FIR filter 
in Figs. 12A and 12B, whereas the signal is down-sampled 
before the filter calculation by the poly-phase filter. In 
other words, the filter calculation in Figs. 13A and 13B may 
be executed at a slower speed than that of the filter 
calculation in Figs. 12A and 12B. 

In this embodiment mode 6, the timing control unit 
for the filter output of the band- synthesizing filter bank 
circuit is constituted by employing the up-samplers 302, the 
2-input adders 303, and the delay elements 304. 
Alternatively, this timing control unit may be arranged by a 
multiplexer. 

As a consequence, with employment of this circuit 
arrangement, the calculations during the lapped orthogonal 
transformation can be carried out at the low rates when the 
modulation and the demodulation are performed. In other 
words, since the operation clock frequency can be lowered, 
the power consumption of the circuit can be reduced. Also, 
when this fact is considered from such a view point that the 
calculation amount per unit time can be lowered, the 
calculators may be employed as substitution purposes, so that 
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the circuit scale may be reduced. 

(EMBODIMENT MODE 7) 

Fig. 15A is a block diagram for representing a band- 
synthesizing filter bank circuit 400 functioning as the 
wavelet inverse transforming device 103 of the power-line 
carrier communication apparatus 100 of Fig. 3, Fig. 6, and 
Fig. 7. Fig. 15B is a block diagram for indicating a band- 
dividing filter bank circuit 410 functioning as the wavelet 
transforming unit 115 of the power-line carrier communication 
apparatus 100 shown in Fig. 3, Fig. 6, and Fig. 7. As the 
filter bank circuit, an ELT filter bank circuit having a 
lattice structure is indicated. In other words, in this 
embodiment mode 7, a description is made of such a case that 
both the wavelet inverse transforming device 103 and the 
wavelet transforming device 115 are arranged by such a filter 
bank circuit having the lattice structure. 

In Figs. 15A and 15B, reference numeral 401 shows a 
discrete cosine transforming (DCT) device of the type IV, 
reference numeral 402 indicates a delay element for delaying 
input data by 1 sampling time, reference numeral 4 03 
represents a givens rotation calculator, reference numeral 
404 denotes another delay element for delaying input data by 
2 sampling times, and reference numeral 4 05 represents an up- 
sampler for multiplying a sampling rate of a signal by N. 
Also, reference numeral 406 shows a two-input adder, and 
reference numeral 4 07 represents a delay element for delaying 
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input data by 1 sampling time. With employment of the above- 
described circuit elements, the band-synthesizing filter bank 
circuit 4 00 is arranged. On the other hand, reference 
numeral 411 shows a delay element for delaying input data by 
1 sampling time, reference numeral 412 shows a down-sampler 
for reducing a sampling rate by 1/N, reference numeral 413 
indicates a delay element for delaying input data by 2 
sampling times, reference numeral 414 represents a givens 
rotation calculator, reference numeral 4 04 denotes another 
delay element for delaying input data by 1 sampling time, and 
reference numeral 416 indicates a discrete cosine 
transforming device of the type IV. With employment of the 
above-described circuit elements, the band-dividing filter 
bank circuit 410 is arranged. It should also be noted that 
both the givens rotation calculators 403 and 414 are 
constituted by combining plural sets of such a plane rotation 
calculating circuit shown in Fig. 16 with each, other. Fig. 
16 is a functional block diagram for representing the plane 
rotation calculating circuit. 

Similar to the above case that the filter bank 
circuit is arranged by employing the poly-phase filters as 
explained in the embodiment mode 6, with employment of this 
circuit arrangement, the calculation rates during the lapped 
orthogonal transformation can be reduced when the modulation 
and the demodulation are performed. Furthermore, since the 
highspeed DCT and the like are combined with this circuit 
arrangement, the calculation amount can also be reduced, so 
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that the power consumption of the circuit and the circuit 
scale can be lowered- 

(EMBODIMENT MODE 8) 

In an embodiment mode 8 of the present invention, the 
following method will now be explained. That is, in both the 
wavelet inverse transforming device 103 of the power-line 
carrier communication apparatus 100 of Fig. 3, Fig. 6, Fig. 
7, and also the wavelet transforming device 115 of the power- 
line carrier communication apparatus 100 of Fig. 3, Fig. 6, 
Fig. 7, while plural patterns of filter coefficients in 
correspondence to overlapped coefficients are prepared, the 
method for changing these filter coefficients will now be 
described. 

First, plural patterns of filter coefficients having 
different filter lengths are prepared in correspondence with 
the overlapped coefficients with respect to both the wavelet 
inverse transforming device 103 of the transmission unit 101 
and the wavelet transforming device 115 of the reception unit 
111. Then, pattern numbers of filters are designated by the 
respective control units 122 of the transmission unit 101 and 
of the reception unit 111, so that filter coefficients within 
the filter bank circuit are changed in accordance with the 
pattern number. At this time, the pattern number of the 
filter on the transmission side must be made coincident with 
the pattern number of the filter on the reception side by 
using the control signal and the like. Also, as a reference 
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for changing the filter coefficient, a power-line 
communication signal transmitted from the transmission unit 
101, a variation of a transmission path, and a reception 
level are conceivable. For instance, in the case that an S/N 
ratio (namely, ratio of signal power to noise power) is 
employed, when the S/N ratio is large during the reception 
operation, since the noise appeared outside the use frequency 
band is low, as viewed from the respective sub-carriers, the 
demodulating operation is carried out by employing a filter 
having a short filter length, whereas when the S/N ratio is 
small, a filter coefficient having a long filter length is 
used in order not to be readily influenced by the noise 
appeared from other bands. 

Since this control operation is carried out, the 
calculation amount in the case that the noise condition of 
the transmission path is better can be reduced, and thus, the 
power consumption during the reception operation can be 
decreased. Also, even in such a case that the noise 
condition is worse, the stable reception operation can be 
carried out. 

(EMBODIMENT MODE 9) 

In an embodiment mode 9 of the .present invention, the 
following method is explained. That is, in such a case that 
both the wavelet inverse transforming unit 103 and the 
wavelet transforming unit 115 of Fig. 3, Fig. 6, Fig. 7 are 
arranged by employing lattice structures, while plural 
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patterns of plane rotation angle parameters are prepared in 
correspondence with overlapped coefficients, the method for 
changing these plane rotation angle parameters will now be 
described. 

First of all, both the wavelet inverse transforming 
unit 103 of the transmission unit 101 and the wavelet 
transforming unit 115 of the reception unit 111 are 
constituted by way of the lattice structures as explained in 
the embodiment mode 7. Then, plural patterns of plane 
rotation angle parameters are prepared in correspondence with 
the overlapped coefficients with respect to both the wavelet 
inverse transforming device 103 of the transmission unit 101 
and the wavelet transforming device 115 of the reception unit 
111. Then, pattern numbers of plane rotation angle 

parameters are designated by the respective control units 122 
of the transmission unit 101 and of the reception unit 111, 
so that plane rotation angle parameters within the filter 
bank circuit are changed in accordance with the pattern 
number. At this time, the pattern number of the plane 
rotation angle parameter on the transmission side must be 
made coincident with the pattern number of the plane rotation 
angle parameter on the reception side by using the control 
signal and the like. Also, as a reference for changing the 
plane rotation angle parameter, a power-line communication 
signal transmitted from the transmission unit 101, a 
variation of a transmission path, and a reception level are 
conceivable. For instance, in the case that an S/N ratio is 



44 



WO 03/063380 



PCT/JP03/00556 



employed, when the S/N ratio is large during the reception 
operation, since the noise appeared outside the use frequency 
band is low, as viewed from the respective sub-carriers, the 
demodulating operation is carried out by employing a plane 
5 -; rotation angle parameter having a small overlapped 
coefficient, whereas when the S/N ratio is small, a plane 
rotation angle parameter having a large overlapped 
coefficient is used in order not to be readily influenced by 
the noise appeared from other bands. 

10 Since this control operation is carried out, the 

calculation amount in the case that the noise environment of 
the transmission path is better can be reduced, and thus, the 
power consumption during the reception operation can be 
decreased. Also, even in such a case that the noise 

is .condition is worse, the stable reception operation can be 
carried out. Furthermore, the storage capacity can be 
reduced, as compared with that of the embodiment mode 8 in 
which the plural patterns of the filter coefficients are 
prepared. 

20 

(EMBODIMENT MODE 10) 

Fig. 17 is an explanatory diagram for explaining a 
control method of a power-line carrier communication 
apparatus according to an embodiment mode 10 of the present 
25 invention, namely a control operation by the control unit 122 
of Fig. 3, Fig. 6, or Fig. 7. In this embodiment mode 10, a 
description is made of such a case that only a specific 
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carrier is outputted. For the sake of simple explanations, a 
total number of sub-carriers is selected to be four. 

In Fig. 17, reference numeral 102 shows a signal 
mapping device, reference numeral 103 indicates a wavelet 
5 inverse transforming device, and reference numeral 122 
represents a control unit. 

First, in the signal point mapping device 102, it is 
so assumed that such data are outputted in which signal 
points have been mapped in this order of N> + 1", "+3", "-3", NN - 

10 1", "+3", "-3", and "~1." At this time, since the 

control unit 122 designates a sub-carrier number which is not 
used with respect to the signal point mapping device 102, 
data is not inputted with respect to a sub-carrier portion of 
the designated number. In other others, a zero is inserted. 

is For instance, in the case that both a first sub-carrier and a 
fourth sub-carrier are not outputted, zeros are inserted into 
input portions of a filter which outputs both the first sub- 
carrier and the fourth sub-carrier, and also mapped signal 
point data are entered into input portions of both a second 

20 sub-carrier and a third sub-carrier. Then, the wavelet 
inverse transforming device 103 executes the wavelet inverse 
transforming operation based upon the respective input data. 

Since the control operation is carried out in this 
manner, the sub-carriers to be outputted can be easily 

25 selected, and the signals can be outputted only at the 
specific frequency. In other words, even in such a case that 
usable frequency bands are different from each other every 
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individual countries due to legal restrictions of these 
individual countries, this control method of the power-line 
carrier communication apparatus can be readily adapted 
thereto . 

5 Furthermore, validity characteristics of the power- 

line carrier communication apparatus according to this 
embodiment mode 10 will now be understandably explained with 
reference to Fig. 18, Fig. 19, and Fig. 20. That is, Fig. 18 
is a graph for representing an example of a frequency 
10 spectrum which is allowed to a power-line carrier 
communication. Fig. 19 is a graph for indicating a 
transmission frequency spectrum in the case that the OFDM 
transmission system is employed. Fig. 20 is a graph for 
indicating a transmission frequency spectrum of the power- 
is line carrier communication apparatus. 

For instance, it is so assumed that a frequency 
allocation controlled by legal restrictions of a certain 
country is given as illustrated in Fig. 18. The transmission 
signal produced by the conventional power-line carrier 
20 communication apparatus using the OFDM transmission system is 
defined as shown in Fig. 19. As a result, a band-block 
filter is additionally required in order to meet with the 
legal restrictions (frequency allocation) indicated in Fig. 
18. In other words, filter coefficients of band-block 
25 filters must be prepared which are different from each other 
every countries. On the other hand, in accordance with the 
power-line carrier communication apparatus of this embodiment 
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mode 10, such a transmission signal spectrum as shown in Fig. 
2 0 can be obtained only based upon the above-explained 
control operation. As a result, such a band-block filter is 
no longer required. As a consequence, the power-line carrier 
communication apparatus according to this embodiment mode 10 
can be flexibly adapted to various legal restrictions 
different from each other which are effective in various 
countries . 

(EMBODIMENT MODE 11) 

Fig. 21 is an explanatory diagram for explaining a 
control method of a power-line carrier communication 
apparatus according to an embodiment mode 11 of the present 
invention, namely a control operation by the control unit 122 
of Fig. 3, Fig. 6, or Fig. 7. In this embodiment mode 11, a 
description is made of a method for detecting a noise level 
on a power line. 

In Fig. 21, reference numeral 116 shows a symbol 
judging device, reference numeral 115 indicates a wavelet 
transforming device, and reference numeral 122 represents a 
control unit. 

Next, a description will now be made of a noise level 
detecting operation on a power line. 

First, the wavelet transforming device 115 
demodulates input data to obtain signal point data every sub- 
carrier in order to sense a frequency distribution of noise 
appeared on the power line 110. Next, the symbol judging 
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device 116 measures as to whether or not a noise component 
existing near which signal point is large based upon the 
signal point data every sub-carrier. At this time, in the 
case that noise is not completely present, all of the signal 
point data in each of the sub-carriers become 0. As a 
consequence, the symbol judging device 116 predicts a noise 
amount by checking how degree the value of this data is 
shifted. Then, the symbol judging device 116 judges such a 
sub-carrier whose noise level is larger than a predetermined 
value, and notifies the sub-carrier number thereof to the 
control unit 122 in order that this notified sub-carrier 
cannot be used by the control unit 122. 

It should be noted that in this embodiment mode 11, 
the noise level detecting method executed under such a 
condition that the signal is not superimposed on the power 
line 110 has been described. Alternatively, even when the 
known signal is used between the transmission side and the 
reception side, the noise level may be detected based upon a 
similar noise level detecting method. In other words, the 
noise detection may be carried out even under communication 
condition. 

Since such a control operation is carried out, the 
noise condition on the power line 110 can be grasped, and the 
usable sub-carrier can be selected. In the control unit 122, 
the sub-carrier is selected in such a manner that the 
frequency position where the large noise component is present 
may be previously avoided, so that the communication having 
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higher reliability can be realized. 

(EMBODIMENT MODE 12) 

As a control method executed in a power-line carrier 
communication apparatus according to an embodiment mode 12 of 
the present invention, a description will now be made of a 
control method for changing a transfer speed into a 
designated speed with reference to Fig. 3 and Fig. 4. 

First, the control unit 122 calculates both a total 
number of signal points and a total number of sub-carriers, 
which are required to realize an externally designated 
transfer speed, and then, selects a sub-carrier based upon 
these calculation result and the judgement result of the 
usable sub-carrier according to the embodiment mode 11. 
Next, the control unit 122 designates both a sub-carrier 
number to be used and a total number of signal points with 
respect to the signal point mapping device 102. The signal 
point mapping device 102 maps signal points in accordance 
with this set value in correspondence with data arranging 
process operation to the sub-carriers. 

For instance, it is assumed that the necessary 
transfer speed is externally designated, and the results 
calculated so as. to be fitted to the transfer speed which is 
designated by the control unit 122 are defined by that the 
quantity of sub-carriers is 2 and the quantity of signal 
points is 4. Also, it is so assumed that in the judgement 
made according to the embodiment mode 11, the usable sub- 
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carriers are equal to 3 other than the second sub-carrier. 
At this time, the control unit 122 may select, for instance, 
both the first sub-carrier and the third sub-carrier. Also, 
another sub-carrier which is not used (namely, fourth carrier 
5 : in this example) may be utilized in another communication. 

Since such a control operation is carried out, the 
transfer speed can be readily changed into the designated 
speed. Also, since such a sub-carrier other than the sub- 
carriers for realizing the designated transfer speed can be 
10 used in another communication, the use efficiency of the band 
can be improved. 



(EMBODIMENT MODE 13) 

Fig. 22 is a flow chart for describing operations of 

is a control unit 122 employed in a power-line carrier 
communication apparatus according to an embodiment mode 13 of 
the present invention. In this embodiment mode 13, the 
following control method will now be explained. That is, in 
the case that an error happens to occur in reception data 

20 during the normal reception operation, while a position of a 
frequency to be transmitted is shifted so as to avoid an 
adverse influence of the noise, communication sequences 
between a power line carrier communication apparatus 1 (for 
instance, own apparatus) and another power-line carrier 

25 communication apparatus 2 (for example, communication- 
counter-party's apparatus) are made coincident with each 
other. It should be noted that both the power-line carrier 
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communication apparatus 1 and the power-line carrier 
communication apparatus 2 own the arrangement of Fig. 3. 

In Fig. 22, under initial conditions (steps Sll and 
S21), a communication between the power-carrier line 
communication apparatus 1 and the power-carrier line 
communication apparatus 2 is carried out by using a carrier 
pattern 1. Then, in such a case that a total number of 
errors is larger than, or equal to a certain threshold value 
(step S12) in the power-line carrier communication apparatus 
1, a sub-carrier whose error number exceeds this certain 
threshold value is detected (step S13) , and either a number 
or a position of the sub-carrier to be changed is 
provisionally set (step S14) . It should be noted that a 
pattern of the carrier changed at this time is set as a 
carrier pattern 2. Thereafter, a content of the set carrier 
pattern 2 is transmitted to the power-line carrier 
communication apparatus 2 by way of the carrier pattern 1 
which is presently used in the communication (step S15) . 
Thereafter, the power-line carrier communication apparatus 1 
changes the own carrier pattern into the carrier pattern 2. 
It should also be noted that such a carrier pattern is 
constituted by a single sub-carrier, or plural sets of sub- 
carriers . 

In the power-line carrier communication apparatus 2 
which has received the content of the carrier pattern 2 by 
way of the carrier pattern 1, a judgement is made as to 
whether or not the carrier pattern is changed (step S22) . If 



52 



WO 03/063380 



PCT/JP03/00556 



10 



15 



20 



the carrier pattern is not changed, then the process 
operation is returned to the normal process operation (step 
S21) . To the contrary, when the carrier pattern is changed, 
the frequency position which is processed by the lapped 
orthogonal transformation by the reception unit 111 is 
changed into the carrier pattern 2 (step S23) . Furthermore, 
such a fact that the carrier pattern has been changed is 
modulated by the carrier pattern 2, which is returned as a 
change completion notification to the power-line carrier 
communication apparatus 1 (step S24) . 

In the power-line carrier communication apparatus 1, 
a judgement is made as to whether or not the content of this 
change completion notification is correctly sent (step S16) . 
Then, in the case that the change completion notification is 
correctly received, the process operation is advanced to the 
normal process operation (step Sll) . To the contrary, in the 
case that the change completion notification is not correctly 
received, a threshold value of an S/N ratio is changed (step 
S17), and then, the process operation is again advanced to 
the selection process operation of the carrier pattern (step 
S13) . Then, the power-line carrier communication apparatus 1 
again executes a sequential operation of changing the carrier 
pattern, and repeatedly executes this sequential operation 
until an error number is decreased. 
25 In this case, the above-described sequential 

operation may be utilized not only when the normal 
communication is performed, but also when the setting 
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operation is carried out during the initial install 
operation . 

It should also be noted that in this embodiment mode 
13, since the sub-carrier to be used is changed, a total 
number of reception errors is decreased. Alternatively, 
since the signal point arrangement of the signal point 
mapping device 102 is changed, a total number of errors may 
be reduced. For instance, as indicated in Figs. 23A and 23B, 
a signal point arrangement of 4 values may be changed into 
two arranging methods, and matching characteristics during 
communications may be realized by a similar means to the 
sequential operation of this embodiment mode 13. In this 
case, Fig. 23A and 23B are explanatory diagrams for 
explaining a change in signal point numbers of the signal 
point mapping device 102 of the power-line carrier 
communication apparatus. 

As previously explained, in accordance with this 
embodiment mode 13, since the sub-carriers whose error rates 
are small are used in the communication with a top priority, 
as compared with the sub-carriers whose error rates are 
large, a total number of reception errors can be reduced. 

(EMBODIMENT MODE 14) 

Fig. 24 is a flow chart for describing operations of 
25 a power-line carrier communication apparatus according to an 
embodiment mode 14 of the present invention. in this 
embodiment mode 14, such an operation is performed that a 
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transmission output level of a power-line carrier 
communication apparatus 1 (for instance, own apparatus) is 
changed based upon a reception result of another power-line 
carrier communication apparatus 2 (for example, 
5 * communication-counter-party's apparatus). It should be 

understood that the power-line carrier communication 
apparatus 1 and the power-line carrier communication 
apparatus 2 own the arrangement of Fig. 3. 

In Fig. 24, under initial condition (step S31) , the 
io power-line carrier communication apparatus 1 transmits a 
signal at a certain output level. In the power-line carrier 
communication apparatus 2, the signal of the power-line 
carrier communication apparatus 1 is received (step S41) > and 
an S/N ratio is measured every sub-carrier (step S42) . Next, 
is the power-line carrier communication apparatus 2 issues an 
output level changing request to the power-line carrier 
communication apparatus 1 based upon an averaged S/N value 
(step S43) . 

The power-line carrier communication apparatus 1 
20 which has received both this S/N ratio and the output level 
changing request judges as to whether or not the change 
request is present (step S32) , back-calculates this S/N value 
so as to determine an output level (step S34), and again 
transmits the signal to the power-line carrier communication 
25 apparatus 2 at this determined output level. 

Since this operation is carried out, in such a case 
that the noise level on the power line 110 is low and no 
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communication error occurs, electric power required in the 
transmission can be reduced by lowering the output level. 

As previously explained in accordance with this 
embodiment mode 14, since the output level can be lowered in 
such a case that the noise level on the power line is low and 
the communication error is not produced, the electric power 
required in the transmission ca be reduced. 

(EMBODIMENT MODE 15) 

Fig. 28 is a block diagram for representing a power- 
line communication apparatus according to an embodiment mode 
15 of the present invention. 

In Fig. 28, reference numeral 10 shows a power line, 
reference numeral 11 represents a plug socket used to be 
connected to the power line 10, and reference numeral 12 
indicates a plug used to be coupled to the plug socket 11, 
and also reference numeral 13 denotes a coupler unit which is 
coupled via the plug 12 and the plug socket 11 to the power 
line 10 so as to perform a communication operation. Also, 
reference numeral 14 indicates an AGC (Automatic Gain 
Control) circuit for amplifying a WOFDM (Waveletbase- 
Orthogonal Frequency Division Multiplex) modulation signal at 
a constant level. This WOFDM implies such an orthogonal 
frequency division multiplexing system by employing the 
wavelet function. Reference numeral 15 shows a WOFDM 
modulation circuit for modulating the WOFDM modulation signal 
which has been amplified by the AGC circuit 14, reference 
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numeral 16 shows an ALC (Automatic Level Control) circuit 
which amplifies a WOFDM modulation signal derived from a 
WOFDM modulation circuit 17 (will be discussed later) up to a 
necessary level. Reference numeral 17 denotes a WOFDM 
5 modulation circuit for WOFDM-modulating data to output a 
WOFDM modulation signal, and also reference numeral 18 shows 
a control unit which controls the entire circuits including 
the ALC circuit 16, and also contains a reception signal 
level detecting circuit 19 for detecting a reception signal 
10 level. 

Operations of the power-line communication apparatus 
with employment of the above-described arrangement will now 
be described. 

Various sorts of household appliances are connected 
15 .to the power line 10. As a result, both a noise 
characteristic and an impedance characteristic of the power 
line 10 are unstable. Under such an environment, a power 
line communication signal (WOFDM modulation signal) is 
supplied from the plug 12 via the coupler unit 13 to the AGC 
20 circuit 14 so as to be amplified to a sufficiently high level 
at which this WOFDM modulation signal may be demodulated. 
Then, the amplified WOFDM modulation signal is wavelet- 
transformed by the WOFDM demodulating circuit 15 to be 
demodulated. The reception signal level detecting circuit 19 
25 detects a reception signal level from the demodulated result, 
and a necessary transmission power control signal "a" is 
supplied from the control unit 18 to the ALC circuit 16. 
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In this case, a validity characteristic of the 
transmission power control by the WOFDM system is represented 
with reference to Fig. 29. Fig. 29 is a graph . for 
graphically indicating a spectrum of the WOFDM system in 
which a plurality of sub-carriers are arranged. 

In Fig. 29, an abscissa shows a frequency and an 
ordinate indicates an amplitude. While the transmission 
condition of the power line 10 is unstable, an attenuation 
amount in a high frequency range normally becomes large. As 
a consequence, since transmission power is increased in the 
high frequency range, effective power control operation is 
available. Apparently, an arbitrary sub-carrier may be 
controlled under conditions of the power line 10, not only 
within the high frequency range. 

As previously explained, in accordance with this 
embodiment mode 14, since the power line communication 
apparatus is provided with the AGC circuit 14 for amplifying 
the inputted WOFDM modulation signal to the constant level; 
the WOFDM demodulation circuit 15 for demodulating the 
amplified WOFDM signal; the WOFDM modulation circuit 17 for 
WOFDM-modulating the data to output the WOFDM modulation 
signal; the ALC circuit 16 for amplifying the WOFDM 
modulation signal derived from the WOFDM modulation circuit 
17 up to the necessary level; and the control unit 18 for 
controlling the entire circuits involving the ALC circuit 16 
and having the reception signal level detecting circuit 19 
for detecting • the reception signal level, the transmission 
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output level of the WOFDM modulation signal in the ALC 
circuit 16 can be controlled in response to the reception 
signal level. As a result, even when the transmission 
characteristic is changed, this power line communication 
5 .apparatus can be sufficiently operated even under this 
changed transmission characteristic, and can firmly transmit 
the data in high speeds. 

Also, if the control unit 18 controls the ALC circuit 

16 in such a manner that the transmission output level of the 
10 WOFDM modulation signal derived from the WOFDM modulation 

circuit 17 is increased in the case that a reception signal 
level detected by the reception signal level detecting 
circuit 19 is a shortage of the reception signal level, 
whereas if the control unit 18 controls the ALC circuit 16 in 
is such a manner that the transmission output level of the WOFDM 
modulation signal derived from the WOFDM modulation circuit 

17 is decreased in the case that a reception signal level 
detected by the reception signal level detecting circuit 19 
is an excessively high, then the transmission output level of 

20 the WOFDM modulation signal may be controlled in response to 
the reception signal level. As a consequence, this power 
line communication apparatus can be sufficiently operated 
even under this changed transmission characteristic, and can 
firmly transmit the data in high speeds. 

25 Furthermore, if the control unit 18 controls the ALC 

circuit 16 in such a manner that the transmission output 
level of the WOFDM modulation signal derived from the WOFDM 
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10 



modulation circuit 17 is set to a minimum transmission output 
level in the beginning, whereas if the control unit 18 
controls the ALC circuit 16 in such a manner that when no 
response is sent from the communication counter party' s 
apparatus, the transmission output level of the WOFDM 
modulation signal derived from the WOFDM modulation circuit 
17 is sequentially increased in a stepwise manner, then the 
data communication can be carried out by the necessary 
minimum transmission power with respect to variations in the 
transmission characteristics. As a result, both the power 
consumption and the spurious radiation can be reduced. 

Furthermore, if the control unit 18 controls the ALC 
circuit 16 in such a manner that the transmission output 
level of the WOFDM modulation signal derived from the WOFDM 
is modulation circuit 17 is set to a maximum transmission output 
level in the beginning, whereas if the control unit 18 
controls the ALC circuit 16 in such a manner that the 
transmission output level is decreased in response to a 
detected reception signal level, then the firm communication 
20 can be established from the beginning stage. As a 
consequence, the rapid communication can be firmly 
established. 

Furthermore, if the control unit 18 controls the ALC 
circuit 16 in such a manner that the transmission output 
25 level of the WOFDM modulation signal derived from the WOFDM 
modulation circuit 17 is set to an intermediate transmission 
output level in the beginning, whereas if the control unit 18 
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controls the ALC circuit 16 in such a manner that the 
transmission output level is increased/decreased in response 
to a detected reception signal level, then the power-line 
communication apparatus can be properly operated in response 
5 to the variations of the transmission characteristic in such 
.an intermediate level at which possibility of establishing 
the communication is large. 

In addition, if the control unit 18 controls the ALC 
circuit 16 in such a way that the condition of the reception 
io signal is judged based upon the transmission quality such as 
the packet error rate and thus the transmission output level 
of the WOFDM modulation signal derived from the WOFDM 
modulation circuit 17 becomes a proper level in response to 
the judgement result, then the transmission level is changed 
is by considering not only the attenuation caused by the 
transmission path, but also the adverse influence caused by 
the noise produced from other electric appliances, so that 
precision of the data communication can be increased. 

Moreover, if the control unit 18 executes the control 
operation of the transmission output level in the ALC circuit 
16 every packet, then the power-line communication apparatus 
can be quickly operated in response to the condition 
variation of the power line. 

Furthermore, if the control unit 18 executes the 
25 control operation of the transmission output level in the ALC 
circuit 16 at arbitrary timing, then the communication rate 
under noise environment having the impulse characteristic can 



20 
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be improved. 

Furthermore, if the control unit 18 executes the 
control operation of the transmission output level in the ALC 
circuit 16 with respect to only necessary sub-carriers, then 
the average electric power of the transmission operation can 
be suppressed. 

(EMBODIMENT MODE 16) 

Fig. 30 is a block diagram for representing a power- 
line communication system according to an embodiment mode 16 
of the present invention . 

In Fig. 30, since a power line 10, a plug socket 11, 
a plug 12, a coupler unit 13, an AGC circuit 14, a WOFDM 
demodulation circuit 15, an ALC circuit 16, a WOFDM 
modulation circuit 17, a control unit 18, and also a 
reception signal level detecting circuit 19 are similar to 
those of Fig. 28, the same reference numerals shown in Fig. 
28 are employed as those for denoting these circuits, and 
therefore, explanations thereof are omitted. In this 
drawing, reference numeral 1 indicates a mother unit, and 
reference numeral 2 represents a child unit which is 
communicated with the mother unit 1 via the power line 10. 

Operations of the power-line communication system 
with employment of such an arrangement will now be explained. 

As shown in Fig. 30, in this embodiment mode 16, for 
the sake of simple circuits, while the reception signal level 
detecting circuit 19 is not mounted on both the AGC circuit 
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14 and the control unit 18 in the counter appliance (in this 
case, child unit 2 with respect to mother unit 1), a 
transmission power control signal "a" is transmitted from the 
mother unit 1. Then, the child unit 2 of the power line 
control system executes a transmission power control 
operation of the own child unit 2 by receiving this 
transmission power control signal "a" based upon another 
transmission power control signal "b" outputted from the 
control unit 18. As a consequence, the power line 
communication system can be properly operated by employing 
the simple circuit with respect to the variation of the 
transmission characteristic . 

As previously explained, while the AGC circuit 14 and 
the reception signal level detecting circuit 19 are not 
mounted on the child unit 2, the necessary transmission power 
instructed from the mother unit 1 is transmitted. In the 
case that a telephone call is issued from the child unit 2, a 
communication link may be established only one time under 
ideal condition. In the case that a telephone call is issued 
from the mother unit 1, such a telephone call is required 
plural times in order to properly set the transmission power 
level in the child unit 2. As previously described, although 
the telephone calls are required to be issued plural times 
from the mother unit 1, the circuit can be made simpler. 

As previously described, in accordance with' this 
embodiment mode 16, in the power- line communication system 
having the mother unit . 1 and the child unit 2 for 
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communicating via the power line 10 with the mother unit 1, 
this mother unit 1 is provided with the AGC circuit 14 for 
amplifying the inputted WOFDM modulation signal to the 
constant level; the WOFDM demodulation circuit 15 for 
s demodulating the amplified WOFDM signal; the WOFDM modulation 
circuit 17 for WOFDM-modulating the data to output the WOFDM 
modulation signal; the ALC circuit 16 for amplifying the 
WOFDM modulation signal derived from the WOFDM modulation 
circuit 17 up to the necessary level; and the control unit 18 

10 for controlling the entire circuits involving the ALC circuit 
16 and having the reception signal level detecting circuit 19 
for detecting the reception signal level. The child unit 2 
is similarly provided with: the WOFDM demodulation circuit 15 
for demodulating the inputted WOFDM modulation signal; the 

is WOFDM modulation circuit 17 for WOFDM-modulating the data to 
output the WOFDM modulation signal; the ALC circuit 16 for 
amplifying the WOFDM modulation. signal derived from the WOFDM 
modulation circuit 17 up to the necessary level; and the 
control unit 18 for controlling the entire circuits involving 

20 the ALC circuit 16. Since the mother unit 1 can transmit the 
transmission power control signal "a" in response to the 
reception signal level to the child unit 2, even when the 
child unit 2 is constructed of the simple circuit 
arrangement, such a power-line communication system capable 

25 of accepting the variations of the transmission 
characteristic can be realized. 

Also, even in such a case that the control unit 18 of 
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the mother unit 1 controls the ALC circuit 16 in such a 
manner that the transmission output level of the WOFDM 
modulation signal derived from the WOFDM modulation circuit 
17 becomes maximum, when no response is issued from the child 
unit 2, if the control unit 18 of the mother unit 1 instructs 
the ALC circuit 16 so as to stop the transmission,, then the 
child unit 2 under abnormal condition can be protected. 

The present invention is based on Japanese Patent 
Applications No. 2002-015058 and No. 2002-061454, which are 
incorporated herein by references. While only certain 
embodiments of the invention have been specifically described 
herein, it will be apparent that numerous modifications may 
be made thereto without departing from the spirit and scope 
of the invention. 
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CLAIMS 

lm A power-line carrier communication apparatus 

comprising: 

a transmission unit; 
a reception unit; 

a power-line coupling unit for superimposing a signal 
derived from said transmission unit with respect to a power 
line as a power-line communication signal and also for 
extracting only a power-line communication signal from the 

power line; and 

a control unit for controlling respective structural 
elements of said transmission unit and of said reception 
unit, by which a communication operation is carried out by 
employing a plurality of sub-carriers; 

wherein said transmission unit includes a signal 
point mapping device for producing a plurality of bit streams 
from inputted transmission data so as to map said bit streams 
to signal points of the respective sub-carriers, a wavelet 
inverse transforming device for modulating the respective 
sub-carriers by wavelet waveforms which are orthogonal to 
each other based upon signal point data of the respective 
sub-carriers mapped by said signal point mapping device so as 
to produce temporal waveform series data, and a D/A converter 
for converting the temporal waveform series data produced by 
said wavelet inverse transforming device into an analog 
temporal waveform series signal, and 

wherein said reception unit includes an A/D converter 
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for digitally converting the power-line communication signal 
extracted from the power line by said power-line coupling 
circuit to obtain sampling-series waveform data, a wavelet 
transforming device for wavelet-transforming the sampling- 
5 series waveform data obtained by said A/D converter into 
signal point data of the respective sub-carriers, and a 
symbol judging device for judging said bit streams mapped by 
said signal point mapping device by inverse-mapping a 
plurality of said signal point data outputted from said 
10 wavelet transforming device and for synthesizing the judged 
bit streams with each other as a reception data series. 

2 - A power-line carrier communication apparatus 

comprising: 

a transmission unit; 
a reception unit; 

a power-line coupling unit for superimposing a signal 
derived from said transmission unit with respect to a power 
line as a power-line communication signal and also for 
extracting only a power-line communication signal from the 
power line; and 

a control unit for controlling respective structural 
elements of said transmission unit and of said reception 
unit, by which a communication operation is carried out by 
employing a plurality of sub-carriers; 

wherein said transmission unit includes a signal 
point mapping device for producing a plurality of bit streams 
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from inputted transmission data so as to map said bit streams 
to signal points of the respective sub-carriers, a wavelet 
inverse transforming device for modulating the respective 
sub-carriers by wavelet waveforms which are orthogonal to 
each other based upon signal point data of the respective 
sub-carriers mapped by said signal point mapping device so as 
to produce temporal waveform series data, a transmitting 
frequency converter for frequency-shifting the temporal 
waveform series data outputted from said wavelet inverse 
transforming device into an arbitrary carrier frequency band, 
and a D/A converter for converting said temporal waveform 
series data outputted from said transmitting frequency 
converter into an analog temporal waveform series signal, and 
wherein said reception unit includes an A/D converter 
for digitally converting the power-line communication signal 
extracted from the power line by said power-line coupling 
circuit to obtain sampling-series waveform data, a receiving 
frequency converter for frequency-shifting the sampling- 
series waveform data obtained by said A/D converter into a 
baseband range so as to obtain a baseband signal series, a 
wavelet transforming device for wavelet-transforming said 
baseband signal series outputted from aid receiving frequency 
converter into signal point data of the respective sub- 
carriers, and a symbol judging device for judging said bit 
streams mapped by said signal point mapping device by 
inverse-mapping a plurality of said signal point data 
outputted from said wavelet transforming device and for 
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synthesizing the judged bit streams with each other as a 
reception data series. 

3. A power-line carrier communication apparatus 

comprising: 

a transmission unit; 

a reception unit; 

a power-line coupling unit for superimposing a signal 
derived from said transmission unit with respect to a power 
line as a power-line communication signal and also for 
extracting only a power-line communication signal from the 
power line; and 

a control unit for controlling respective structural 
elements of said transmission unit and of said reception 
•unit, by which a communication operation is carried out by 
employing a plurality of sub-carriers; 

wherein said transmission unit includes a signal 
point mapping device for producing a plurality of bit streams 
from inputted transmission data so as to map said bit streams 
to complex signal points of the respective sub-carriers, a 
wavelet inverse transforming device for modulating the 
respective sub-carriers by wavelet waveforms which are 
orthogonal to each other based upon complex signal point data 
of the respective sub-carriers mapped by said signal point 
mapping device so as to produce complex temporal waveform 
series data, a quadrature modulating device for quadrature- 
modulating said complex temporal waveform series data 
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10 



15 



20 



outputted from said wavelet inverse transforming device so as 
to frequency-shift said complex temporal waveform series data 
to an arbitrary carrier frequency band, and a D/A converter 
for converting the complex temporal waveform series data 
outputted from said wavelet inverse transforming device into 
an analog complex temporal waveform series signal, and 

wherein said reception unit includes an A/D converter 
for digitally converting the power-line communication signal 
extracted from the power line by said power-line coupling 
circuit to obtain sampling-series waveform data, a quadrature 
demodulating device for frequency-shifting said sampling 
series waveform data outputted from said A/D converter into a 
baseband range so as to obtain a baseband signal series, a 
wavelet transforming device for wavelet-trans forming the 
baseband signal series outputted from said quadrature 
demodulating device into signal point data of the respective 
sub-carriers, and a symbol judging device for judging said 
bit streams mapped by said signal point mapping device by 
inverse-mapping a plurality of said signal point data 
outputted from said wavelet transforming device and for 
synthesizing the judged bit streams with each other as a 
reception data series. 



4 - The Power-line carrier communication apparatus as 

25 claimed in any one of claims 1 to 3, 

wherein both said wavelet inverse transforming device 
and said wavelet transforming device own a lapped orthogonal 
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transforming function of an all reconstruction, or a lapped 
orthogonal transforming function of a quasi-complete 
reconstruction, otherwise a generalized lapped orthogonal 
transforming function . 

5 

5. The power-line carrier communication apparatus as 
claimed in any one of claims 1 to 3, 

wherein both said wavelet inverse transforming device 
and said wavelet transforming device own a modulated lapped 
10 transforming function, or an extended modulated lapped 
transforming function. 

6. The power-line carrier communication apparatus as 
claimed in any one of claims 1 to 3, 

15 wherein both said wavelet inverse transforming device 

and said wavelet transforming device are arranged by a poly- 
phase filter bank circuit. 

7. The power-line carrier communication apparatus as 
20 claimed in any one of claims 1 to 3, 

wherein both said wavelet inverse transforming device 
and said wavelet transforming device are arranged by a filter 
bank circuit having a lattice structure. 

25 8. The power-line carrier communication apparatus as 

claimed in any one of claims 1 to 3, 

wherein both said wavelet inverse transforming device 

71 



BMSOOC1D: <WO (WyvvwiA ? i > 



WO 03/063380 



PCT/JP03/00556 



and said wavelet transforming device own a plurality of 
filter coefficient patterns having different filter lengths 
in correspondence with overlapped coefficients, and select a 
proper filter coefficient pattern from said plural filter 
coefficient patterns in response to the power-line 
communication signal transmitted from said transmission unit 
and a reception condition such as a variation of a 
transmission path and a reception level. 

9 . The power-line carrier communication apparatus as 
claimed in claim 7, 

wherein both said wavelet inverse transforming device 
and said wavelet transforming device own a plurality of plane 
rotation angle parameters in correspondence with overlapped 
coefficients, and select a proper plane rotation angle 
parameter from said plural plane rotation angle parameters in 
response to the power-line communication signal transmitted 
from said transmission unit and a reception condition such as 
a variation of a transmission path and a reception level. 

10. The power-line carrier communication apparatus as 
claimed in any one of claims 1 to 3, 

wherein said control unit outputs a selection signal 
for selecting a sub-carrier used to map/modulate data with 
respect to said signal point mapping device; and said signal 
point mapping device maps data with respect to the selected 
sub-carrier based upon said selection signal, and maps zero 
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as to data with respect to the sub-carrier which is not 
selected. 

11. The power-line carrier communication apparatus as 
5 claimed in claim 10, 

wherein said control unit predicts a noise condition 
on a power line by a ratio of signal power to noise power by 
employing a judgement result made by said symbol judging 
device so as to detect a frequency band where relatively 
10 large noise is present under steady state; and said control 
unit controls in such a manner that as to a sub-carrier 
appeared in the frequency band where large noise is present 
under steady state, said selection signal is not outputted 
with respect to said signal point mapping device. 

15 

12. A power-line carrier communication apparatus as 
claimed in claim 10, 

wherein as to signal point mapping by said signal 
point mapping device and the control of said selection signal 

20 to the sub-carrier, said control unit increases a total 
number of signal points mapped by said signal point mapping 
device to obtain multi-values in the case that a 
communication speed has a top priority, whereas said control 
unit decreases a total number of signal points mapped by the 

25 signal points mapping device to obtain a binary value in the 
case that reliability of a data transmission has a top 
priority. 
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13. The power-line carrier communication apparatus as 
claimed in claim 10, 

wherein as to signal point mapping by said signal 
point mapping device and the control of said selection signal 
to the respective sub-carriers, said control unit 
investigates error rates of the respective sub-carriers, and 
performs a control operation in such a manner that the 
respective sub-carriers are used in data communications from 
such a sub-carrier with a top priority, whose error rate is 
small . 

14. The power-line carrier communication apparatus as 
claimed in any one of claims 1 to 3, 

wherein said control unit sets a gain of a 
transmitting amplifier based upon a ratio of signal power to 
noise power of a reception signal received by said reception 
unit . 

15. A power-line communication apparatus comprising: 

an AGC circuit for amplifying an entered WOFDM 
modulation signal to a constant level; 

a WOFDM demodulation circuit for demodulating said 
amplified WOFDM modulation signal; 

a WOFDM modulation circuit for WOFDM-modulating data 
and outputting a WOFDM modulation signal; an ALC circuit for 
amplifying the WOFDM modulation signal outputted from said 
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WOFDM modulation circuit up to a necessary level; and 

a control unit including a reception signal level 
detection circuit, for controlling the entire circuits 
including said ALC circuit and also for detecting a reception 
signal level. 

16. The power-line communication apparatus as claimed in 
claim 15, 

wherein in the case that these is a shortage of a 
reception signal level detected by said reception signal 
level detecting circuit, said control unit controls said ALC 
circuit in such a manner that a transmission output level of 
the WOFDM modulation signal derived from said WOFDM 
modulation circuit is increased; and said control unit 
controls said ALC circuit in such a manner that a 
transmission output level of the WOFDM modulation signal 
derived from said WOFDM modulation circuit is decreased in 
the case that said detected reception signal level becomes 
excessively high. 

17. The power-line communication apparatus as claimed in 
claim 15, 

wherein said control unit controls said ALC circuit 
in such a manner that a transmission output level of the 
WOFDM modulation signal derived from said WOFDM modulation 
circuit is minimized in the first time; and said control unit 
controls said ALC circuit in such a manner that a 
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transmission output level of the WOFDM modulation signal 
derived from said WOFDM modulation circuit is sequentially 
increased in a stepwise manner in the case that no response 
is issued from an apparatus of a communication counter party. 

18. The power-line communication apparatus as claimed in 
claim 15, 

wherein said control unit controls said ALC circuit 
in such a manner that a transmission output level of the 
WOFDM modulation signal derived from said WOFDM modulation 
circuit is maximized in the first time; and said control unit 
controls said ALC circuit in such a manner that a 
transmission output level of the WOFDM modulation signal 
derived from said WOFDM modulation circuit is decreased in 
response to said detected reception signal level. 

19. The power-line communication apparatus as claimed in 
claim 15, 

wherein said control unit controls said ALC circuit 
in such a manner that a transmission output level of the 
WOFDM modulation signal derived from said WOFDM modulation 
circuit is set to an intermediate level in the first time, 
and 

wherein said output unit controls said ALC circuit in 
such a manner that a transmission output level of the WOFDM 
modulation signal derived from said WOFDM modulation circuit 
is increased and decreased in response to said detected 
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reception signal level. 



20. The power-line communication apparatus as claimed in 

claim 15, 

5 wherein said control unit judges a condition of a 

reception signal based upon a transmission quality such as a 
packet error rate, and also controls said ALC circuit in such 
a manner that a transmission output level of the WOFDM 
modulation signal derived from said WOFDM modulation circuit 
10 becomes a proper level in accordance with the judgment 
result . 



21 The power-line communication apparatus as claimed in 

. claim 15, 

15 wherein said control unit controls the transmission 

output level in said ALC circuit every packet. 

22. The power-line communication apparatus as claimed in 

claim 15, 

20 said control unit controls the transmission output 

level in said ALC circuit at arbitrary timing. 



23. The power-line communication apparatus as claimed in 

claim 15, 

25 said control unit controls the transmission output 

level in said ALC circuit only as to a necessary sub-carrier. 
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24. The power-line communication system comprising: 

a mother unit; and 

a child unit for performing a communication via a 
power line with said mother unit; 

wherein said mother unit includes an AGC circuit for 
amplifying an entered WOFDM modulation signal to a constant 
level, a WOFDM demodulation circuit for demodulating said 
amplified WOFDM modulation signal, a WOFDM modulation circuit 
for WOFDM-modulating data to output a WOFDM modulation 
signal, an ALC circuit for amplifying the WOFDM modulation 
signal outputted from said WOFDM modulation circuit up to a 
necessary level, and a control unit containing a reception 
signal level detection circuit, for controlling the entire 
circuits including said ALC circuit and for detecting a 
reception signal level, and 

wherein said child unit includes a WOFDM demodulation 
circuit for demodulating entered WOFDM modulation signal, a 
WOFDM modulation circuit for WOFDM-modulating data to output 
a WOFDM modulation signal, an ALC circuit for amplifying the 
WOFDM modulation signal outputted from said WOFDM modulation 
circuit up to a necessary level, and a control unit for 
controlling the entire circuits including said ALC circuit. 

25. The power-line communication system as claimed in 
claim 24, 

wherein even when the control unit of said mother 

unit controls said ALC circuit in such a manner that a 
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derived from said WOFDM modulation circuit is maximized, said 
control unit instructs said ALC circuit to stop a 
transmission operation in the case that no response is issued 
5 from said child unit. 
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(57) Abstract: The invention provides a power-line carrier communication apparatus including a transmission unit with a signal 
point mapping device for mapping a plurality of bit streams produced from transmission data, a wavelet inverse transforming de- 
vice for modulating the respective sub-carriers by wavelet waveforms which are orthogonal to each other for producing temporal 
waveform series data, and a D/A converter for converting the temporal waveform series data into an analog temporal waveform 
series signal; and a reception unit with an A/D converter for obtaining samplingseries waveform data from a power-line commu- 
nication signal, a wavelet transforming device for wavelet- trans forming the sampling-series waveform data into signal point data 
of the respective sub-carriers, and a symbol judging device forjudging bit streams mapped by the signal point mapping device by 
inverse-mapping a plurality of these signal point data, and for synthesizing the judged bit streams with each other as a reception data 
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